Autism with seizures and intellectual disability: possible causative role of gain-of-function of the inwardly-rectifying K+ channel Kir4.1.
The inwardly-rectifying potassium channel Kir4.1 is a major player in the astrocyte-mediated regulation of [K(+)](o) in the brain, which is essential for normal neuronal activity and synaptic functioning. KCNJ10, encoding Kir4.1, has been recently linked to seizure susceptibility in humans and mice, and is a possible candidate gene for Autism Spectrum Disorders (ASD). In this study, we performed a mutational screening of KCNJ10 in 52 patients with epilepsy of "unknown cause" associated with impairment of either cognitive or communicative abilities, or both. Among them, 14 patients fitted the diagnostic criteria for ASD. We identified two heterozygous KCNJ10 mutations (p.R18Q and p.V84M) in three children (two unrelated families) with seizures, ASD, and intellectual disability. The mutations replaced amino acid residues that are highly conserved throughout evolution and were undetected in about 500 healthy chromosomes. The effects of mutations on channel activity were functionally assayed using a heterologous expression system. These studies indicated that the molecular mechanism contributing to the disorder relates to an increase in either surface-expression or conductance of the Kir4.1 channel. Unlike previous syndromic associations of genetic variants in KCNJ10, the pure neuropsychiatric phenotype in our patients suggests that the new mutations affect K(+) homeostasis mainly in the brain, by acting through gain-of-function defects. Dysfunction in astrocytic-dependent K(+) buffering may contribute to autism/epilepsy phenotype, by altering neuronal excitability and synaptic function, and may represent a new target for novel therapeutic approaches.